Virginia Commonwealth University

VCU Scholars Compass
Theses and Dissertations

Graduate School

2012

The Fluoride Recharging Capability of Orthodontic Materials: an
in-vitro study
Christine Farah
Virginia Commonwealth University

Follow this and additional works at: https://scholarscompass.vcu.edu/etd
Part of the Dentistry Commons
© The Author

Downloaded from
https://scholarscompass.vcu.edu/etd/2682

This Thesis is brought to you for free and open access by the Graduate School at VCU Scholars Compass. It has
been accepted for inclusion in Theses and Dissertations by an authorized administrator of VCU Scholars Compass.
For more information, please contact libcompass@vcu.edu.

School of Dentistry
Virginia Commonwealth University
This is to certify that the thesis prepared by Christine Marie Farah, D.D.S., entitled The
Fluoride Recharging Capability of Orthodontic Materials: an in-vitro study has been
approved by his committee as satisfactory completion of the thesis requirement for the
degree of Master of Science in Dentistry.

________________________________________________________________________
Dr. Eser Tüfekçi, Thesis Director, School of Dentistry

________________________________________________________________________
Dr. Al M. Best, Committee Member, School of Dentistry

________________________________________________________________________
Dr. Steven J. Lindauer, Committee Member, School of Dentistry

________________________________________________________________________
Dr. Laurie Carter, Director of Advanced Dental Education, School of Dentistry

_______________________________________________________________________
Dr. F. Douglas Boudinot, Dean of the School of Graduate Studies

April 24, 2012____________________________________________________________
Date

©

Christine Marie Farah, 2012
All Rights Reserved

iii
The Fluoride Recharging Capability of Orthodontic Materials: an in-vitro study

A thesis submitted in partial fulfillment of the requirements for the degree of Master of
Science in Dentistry at Virginia Commonwealth University.

By

Christine Marie Farah, D.D.S.
B.S., James Madison University, 2006
D.D.S., Virginia Commonwealth University, 2010

Thesis Director: ESER TÜFEKÇĐ, D.D.S., MS., Ph.D.
ASSOCIATE PROFESSOR, DEPARTMENT OF ORTHODONTICS

Virginia Commonwealth University
Richmond, Virginia

iv
Acknowledgments
I would like to thank my thesis advisor Dr. Eser Tüfekçi for her unbelievable patience
and never-ending encouragement over the past 6 years! I appreciate all of her understanding and
the hard work that she dedicated to my countless thesis revisions.

I also appreciate her

perseverance at a time when I didn’t think my research project would ever get started. Dr.
Tufekci inspired me to stay hopeful and to never to go down without a fight.I extend my
gratitude to Dr. Kenneth Wynne from the VCU School of Engineering for letting me use his lab
and helping me with the experimental set up. I would also like to thank Dr. Al Best who was an
invaluable resource for analyzing data and for taking the time to interpret the statistical results. I
wish to thank Dr. Steven J. Lindauer for serving on my thesis committee and for his guidance.
In addition, I am very thankful to Ultradent and Reliance for their support and donation of
materials for the study. I would like to thank the Department of Orthodontics, my co-residents
and especially my fellow 2nd years for being like a family for the last two years and for all of the
incredible memories. Lastly, and most importantly, I would like to thank my fiancé for his
constant reassurance, support, and patience. I literally could not have done it without him.

v
Table of Contents

Acknowledgements ............................................................................................................ iv
List of Tables ..................................................................................................................... vi
List of Figures ................................................................................................................... vii
Abstract ............................................................................................................................ viii
Chapter
1 Introduction ........................................................................................................1
2 Materials and Methods ........................................................................................6
3 Statistical Analysis ..............................................................................................9
4 Results ...............................................................................................................10
5 Discussion .........................................................................................................14
6 Conclusion…………………………………………………………………....20
7 References………………………………………………………………….....21
9 Vita…………………..……………………………………………………...…26

vi
List of Tables

Table 1: Fluoride release from the Opal Seal, Pro Seal and Transbond samples at the end of
2 weeks (Baseline measurements). ....................................................................................10
Table 2:Fluoride release from the three products after 7 days of toothbrushing ...............11
Table 3:Fluoride release from the three products 24 hours after gel application ..............12
Table 4: Fluoride release from the three products 6 weeks after gel application ..............12

vii
List of Figures

Figure 1:The Study Design.................................................................................................6
Figure 2:Comparison of fluoride release from the three products 24 hours and 6 weeks after gel
application………... ...........................................................................................................12

viii
Abstract

The Fluoride Recharging Capability of Orthodontic Materials: an in-vitro study
By Christine Marie Farah, D.D.S.

A thesis submitted in partial fulfillment of the requirements for the degree of Master of Science
in Dentistry at Virginia Commonwealth University.

Virginia Commonwealth University, 2012

Thesis Director: Eser Tüfekçi, D.D.S., MS, Ph. D.
Associate Professor, Department of Orthodontics

Enamel demineralization in the form of white spot lesions (WSLs) around fixed
orthodontic appliances is a persistent problem in patients with poor oral hygiene.These lesions
can form rapidly within 4 weeks of bracket placement.The purpose of this in-vitro study was to
investigate the fluoride recharging capability ofa commercially available orthodontic primer used
to minimize the development of WSLs in patients.
The three groups tested were: Opal Seal (n=20, Ultradent, South Jordan, UT), Pro Seal
(n=20, Reliance, Itasca, IL) and Transbond XT (control, n=10, 3M Unitek, Monrovia, CA). The
samples(5mmin diameter x 1mm in thickness) weresuspended individually in vials filled with
10mL of deionized water usinga fishing line. The baseline fluoride ion release from all of the
samples was measured after two weeks of changing the solution every other day. The samples
were then randomly divided into two groups, toothbrush or gel. The samples in the toothbrush
group were brushed for one minute every day for 7d, with fluoride containing toothpaste
(Colgate-Palmolive Company, New York, NY) and placed in a new solution after each brushing.
After 7d of brushing the fluoride ion release was measured. The samples in the gel group were
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immersed in 10mL of acidulated phosphoric fluoride gel (APF) for one minute, following
manufacturer’s instructions, and then placed in a new vial with 10mL of deionized water. At the
end of 24hrs fluoride ion release measurementswere made and the samples were placed
individually in a new solution. The solution was changed weekly in the gel group over six weeks
to simulate the typical length of time between two orthodontic appointments. A final fluoride
ion release measurement was taken of all the discs in the gel group 6 weeks after the fluoride gel
treatment.
The results of repeated-measures analysis indicated that there were no significant
differences between the groups at baseline and after 7d of toothbrushing time points. Opal Seal
exhibited a significant increase in fluoride uptake (1.0ppm) after 24hrs of fluoride gel exposure
but these levels gradually decreasedover 6 weeks (0.04ppm). Pro Seal and Transbond showed no
significant fluoride release after the gel or toothpaste applications. The fluoride-containing
primer, Opal Seal, had the ability to be recharged with fluoride ions from APF gel. However, the
amount of fluoride released from recharged discs decreased gradually over a 6 weeks of time.

1
Introduction
Enamel demineralization around orthodontic brackets is a common problem in patients
with poor oral hygiene. Approximately half of the patients receiving full fixed orthodontic
therapy are reported to develop white spot lesions (WSLs) due to plaque retention around
brackets.1,3 WSLs can occur as soon as four weeks after the placement of fixed orthodontic
appliances.2
Patients with malocclusions often have a large number of retention sites for plaque.4 In
addition, food and plaque trapped around the brackets increase dental caries susceptibility after
the placement of orthodontic appliances.4 Once brackets are bonded, patientsexhibit increased
levels of acidogenic bacteria in plaque, most notably Streptococcus mutans and Lactobacilli.5
Therefore, the high levels of bacteria are responsible for decreasing the pH of plaque in
orthodontic patients more than that of non-orthodontic patients. The plaque layer on the enamel
surface provides a source of acid production and acts as a physical barrier by limiting the
diffusion of acid away from the tooth surface. Due to limited diffusion, the potential for
remineralization from the available exogenous calcium and phosphate ions in the patients’ saliva
is jeopardized.6 This results in the development of WSLs that often persist and cause long term
esthetic concerns.7,8 Therefore, when treating patients with poor oral hygiene, achieving high
esthetics may become more challenging. Recently, development of new products to preventor to
minimize the formation of WSLs has become an area of interest in orthodontics.
To prevent enamel demineralization, patient education, routine dental professional
prophylaxis, and appropriate protective supplements such as topical fluorides have been
advocated by numerous studies as effective regimens.9,10 The scientific evidence for the use of
fluoride to prevent enamel demineralization has been well established.11-13 A surface phase of
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fluorapatite (FA) and/or calcium fluoride (CaF2) forms when fluoride ions react with
hydroxyapatite (HA), the mineral component of teeth.14 This reaction results in a mineral phase
that is less soluble and more acid resistant than the original hydroxyapatite. Calcium fluoride is
the major reaction product of topical fluoride treatment of enamel and it has been found to be a
major factor in the cariostatic mechanism of fluoride. Furthermore, calcium fluoride can persist
in dental plaque on the enamel surface for several weeks after topical application. Fluoride ions
delivered through mouthrinses, varnishes, gels and fluoride releasing cements have been reported
to reduce the extent and prevalence of WSLs during orthodontic treatment with fixed
appliances.11-13, 15
Unfortunately, the effectiveness of most fluoride delivery systems depends on patient
compliance. In their study, Geiger et al16 reported that only 13% of patients were fully compliant
with the daily fluoride mouthrinse regimen despite educational efforts and the supply of
complimentary mouthrinse. However, in compliant patients the use of fluoride mouthrinse was
shown to result in a statistically significant reduction of enamel demineralization. Therefore, to
develop fluoride releasing products that are not dependent on patient compliance has become the
main focus of the manufacturers.
Because of their fluoride releasing nature, glass ionomer cements (GICs) have been used
for orthodontic applications to help prevent or reduce the formation of WSLs around the
brackets. While some studies have shown GICs to be effective in minimizing demineralization,
other studies reported a drastic decrease in the amount of released fluoride. These studies have
also shown that the amount of fluoride released is highest in the first 24 hours, sharply decreases
on the second day, and gradually decreases to undetectable levels.19-21 Nevertheless, GICs are
thought to be efficient in reducing enamel demineralization since these materials exhibit fluoride
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recharging ability to some degree with the use of a topical fluoride agent or fluoridated
toothpaste. Fluoride rechargeability of GICs is controversial as in the literaturenumerous studies
have shown a wide range in the ability of fluoride uptake.22-24
In recent years, fluoride varnishes have gained popularity because they are easy to use
and do not depend on patient cooperation. In addition, since fluoride varnishes adhere to the
tooth surface they are thought to provide fluoride release for a long period of time.25 The
efficacy of topical fluoride systems is directly related to the exposure period to enamel.
Varnishes have an extended contact time with enamel which allows the incorporation of fluoride
ions more significantly into the enamel as opposed to acidulated phosphate fluoride (APF) gels
with limited enamel contact time. A study by Retief et al25 examined fluoride release using an
APF gel and a fluoride varnish. There was no difference in fluoride release when the fluoride
was applied for one hour, but after 24 hours of exposure there was a significant increase in the
fluoride release with the varnish versus the gel. Overall, fluoride varnishes have been shown to
be effective in reducing enamel demineralization around orthodontic brackets but they need to be
re-applied often during treatment which results in increased clinical chair time and cost.26-28
To prevent demineralization, the application of resin sealants to the enamel surfaces
around orthodontic brackets has also been reported in the literature.26,27 Previous studies have
shown that with most chemically cured sealants, there isno effective seal due to the oxygen
inhibition of polymerization when the sealant is in contact with air. However, Pro Seal (Reliance
Orthodontic Products, Itasca, IL), a light cured fluoride releasing sealant with 100%
polymerization, completely sets without an oxygen inhibited layer allowing for a smooth
andhard coating that prevents leakage and protects enamel. In addition, Pro Seal is highly filled
so it is durable through mechanical actions of brushing and mastication.It also contains a

4
fluorescing agent visible only with a special “black” light for easy monitoring of sealant
coverage. Previous studies have shown that Pro Seal results in a significant reduction of enamel
demineralization in vitro, even when subjected to a severe acid challenge, and providesmore
enamel protection with a 97% reduction in enamel lesion depth, as opposed to fluoride varnishes
and unfilled resins.29,30 Although Pro Seal is not marketed as a fluoride rechargeable sealant, a
study comparing this material to a control primer, Transbond, did show that Pro Seal has the
ability to be recharged ifexogenous fluoride ionsare available in saliva.32
Opal Seal (Ultradent, South Jordan, UT), a primer that is 38% filled with glass ionomer
and nano filler particles, is marketed by the manufacturer as a product with a superior fluoride
recharging property. It is also claimed that Opal Seal33 is able to penetrate deeply into fissures of
the teeth that results in a long lasting coverage and mechanical retention. Therefore, because of
itssustained availability of fluoride ions to the enamel, Opal Seal is advocated by the
manufacturer as a product with an increased potential to prevent demineralization adjacent to the
brackets. Unfortunately, there is limited information in the literature on the ability of Opal Seal
to recharge fluoride. Currently, there is only one study that evaluated fluoride uptake ability of
Opal Seal. In that in vitro study conducted by the manufacturer of Opal Seal, at the end of 24hrs,
discs that received acidulated phosphoric fluoride (APF) gel application were shown to exhibit a
significant increase in fluoride concentration indicatinga high fluoride uptake ability. It would
be beneficial to conduct an independent and unbiased study on the ability of fluoride recharge
comparing Opal Seal to other available products in the market to confirm the claims made by the
manufacturer.
The purpose of this in vitro study was to evaluate the differences in fluoride uptake of
Opal Seal, Pro Seal and a control, Transbond, after exposing them to various fluoride regimens.
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The null hypothesis was that there would be no difference in the amount of fluoride uptake when
comparing the Opal Seal samples to Pro Seal and control samples.
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Materials and Methods
In this study, two orthodontic products, Opal Seal (Ultradent, South Jordan, UT) and Pro
Seal (Reliance Orthodontic Products, Itasca, IL) were used. Transbond XT (3M Unitek,
Monrovia, CA) served as a control. Samples, 5 mm in diameter and 1 mm thickness, were
prepared using polyethylene molds. Once placed on a 1mm thick glass slide, the molds were
overfilled with the sealant material and a second glass slide was laid on top and firmly pushed
down flat. Each mold was then light cured using a visible light curing unit (Ortholite, 3M
Unitek, Monrovia, CA) for 10 seconds on the top and 10 more seconds on the bottom surfaces.
The sampleswere then individually examined for visible surface porosities. Discs with nonuniform surfaces and visible voids were discarded. Subsequently, thediscswere hand polished on
all sides using a 3000-grit fine abrasive paper(Buehler Ltd., Lake Bluff, IL) to ensure smooth and
homogenous sample surfaces.
Figure 1.The Study Design

Preparation of
Samples
2 weeks

Baseline measurement: 50 discs
20 Opal Seal, 20 Pro Seal, 10 Transbond

Toothpaste (Group T)

Opal SealT
n=10

Pro SealT
n=10

7d measurement

Gel ( Group G)

TransbondT
n=5

Opal SealG
n=10

Pro SealG
n=10

24hrs measurement

6wks
measurement

TransbondG
n=5
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A 0.8 mm hole was drilled with a bur near the edge of each disc and a non-coated fishing
line was threaded through the opening so that each sample could be individually placed in the
center of glass vials filled with 10 mL deionized (DI) water. Prior to experiments, discs were
keptat room temperature in their individual vials. At the end of 24hrs, discs were placedin the DI
water storage medium at room temperature and the water was changed every other day for two
weeks. At the end of two weeks,33 a baseline fluoride release measurement was takento confirm
that samples were completely depleted of fluoride. It was crucial to confirm that all of the
fluorideions were leached out of the discs before the application of topical fluoride regimens as
any further fluoride release would be indicative of fluoride uptake ability of the samples.
To test fluoride uptake ability of Opal Seal and Pro Seal, discs in the experimental and
control (Transbond XT) groups were randomly distributed into either brushing with toothpaste
(Group T) or fluoride gelgroups (Group G) as following: Opal SealT (n=10), Opal SealG (n=10),
Pro SealT (n=10), Pro SealG (n=10), TransbondT (control, n=5) and TransbondG (control, n=5)
(Fig.1).
Samples in the brushing with toothpaste groups (Group T) were brushed for one minute
with one gram of 0.24% sodium fluoride-containing toothpaste (Colgate Total, ColgatePalmolive, New York, NY) and 3 mL of DI. One gram of toothpaste was measured, after being
applied to a toothbrush, on a scale after zeroing the weight of the toothbrush alone. 3mL of DI
water was dropped onto the toothbrush with the paste using a 50mL syringe. After brushing for
one minute, each sample was then carefully rinsed for one minute with DI water and then stored
in a vial for 24 hours in a fresh 10mL solution of DI water. This procedure was repeated daily
for seven days until the fluoride ion release measurements.32
Samples in the fluoride gel groups (Group G) were immersed for one minute individually,
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according to manufacturer’s instructions, in 10mL of 1.23% acidulated phosphate fluoride gel
(Henry Schein, Melville, NY). Each disc was then rinsed for one minute with DI waterand
placed in a new vial with 10mL of fresh DI water. The first measurement was taken 24 hours
after gel application while the second measurement was done 6 weeks after the initial gel
exposure. The DI water was changed every week until the second measurement.32
For the measurement of fluoride ion release, an ion analyzer (Thermo Orion, Thermo
Scientific, Beverly, MA) was used to measure the fluoride release using a fluoride ion-specific
electrode. At each time interval, the instrument was recalibrated using fluoride standards from
the manufacturer to measure fluoride concentrations between 1-190 ppm and generate a
calibration curve. Using this curve, the fluoride measurements in millivolts (mV), that were read
from the ion analyzer, were converted into corresponding fluoride concentrations in parts per
million (ppm). To measure the fluoride release at each measuring interval, 1mL of DI water that
contained the sample to be tested was added to 1mL of lower level total ionic strength
adjustment buffer (TISAB)(Fisher Scientific, Pittsburgh, PA) in a microsample dish and then
stirred thoroughly. The electrode was then placed in the mixed solution and allowed to stabilize
before recording the reading in millivolts. Between measurements, the electrode membrane was
rinsed gently with DI water.34
Samples in the brushing with toothpaste groups (Opal SealT, Pro SealT and TransbondT)
were measured at baseline and after seven days of toothbrushing. Samples in the fluoride gel
groups (Opal SealG, Pro SealG and TransbondG) were measured at baseline, 24 hours and 6
weeks following gel application. The order in which the samples were measured was completely
random at each time interval. A calibration curve was generated at each of these time points
resulting in a formula that was used to convert the mV readings, from that day, to ppm.
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Statistical Analysis
At baseline, the three groups were compared using Analysis of Variance (ANOVA).
After product application, the three groups were compared using Analysis of Covariance
(ANCOVA) with the baseline fluoride measurement used as a covariate. Change across time
was assessed using a repeated-measures mixed model. Statistical comparisons were made using
Statistical Analysis Software (JMP v9.0.2, SAS Institute, Inc., Cary NC). All tests were done at
α = 0.05.
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Results
Baseline Results
The results of baseline fluoride release measurements are shown in Table 1. The amount
of fluoride released at the end of two weeks (baseline) was 0.0210 ± 0.0087 ppm and 0.0239 ±
0.0228 ppm for the Opal Seal and Pro Seal discs, respectively. At baseline, the Transbond discs
(control) had a fluoride release of 0.0170 ± 0.0069 ppm. There were no statistically significant
differences at baseline among the groups in the amount of fluoride released (P = 0.5237). The
negligible level of fluoride release from the discs at the end of two weeks was considered as an
indication that the discs were ready for the second part of the study to investigate the fluoride
recharging effect of these products.
Table 1: Fluoride release from the Opal Seal, Pro Seal and Transbond samples at the end
of 2 weeks (Baseline measurements).
Groups

Mean ± SD (ppm)

Range (ppm)

Opal Seal (n=20)

0.0210 ± 0.0087

0.0169 - 0.0250

Pro Seal (n=20)

0.0239 ± 0.0228

0.0132 - 0.0346

Transbond (n=10)

0.0170 ± 0.0069

0.0120 - 0.0219

ANOVA indicated no significant difference among the groups (P = 0.52)

The descriptive statistics for the rates of fluoride ion released from the Opal Seal, Pro Seal and
control discs are shown in Tables 2-4.
Recharging effect.
7 days after toothbrushing. The mean fluoride release from the Opal Seal, Pro Seal and
Transbond discs after 7days of toothbrushing is shown in Table 2. The amount of fluoride
released from the Opal Seal and Pro Seal samples were 0.0395 ± 0.0045 ppm and 0.0316 ±
0.0046 ppm, respectively. The amount of fluoride released from the control samples were
0.0218 ± 0.0064 ppm (Table 2). When compared to baseline values, introduction of fluoride
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ions through the toothbrushing application did not result in significant increases in the amount of
fluoride ion released from Opal Seal, Pro Seal or Transbond discs and there were no statistically
significant differences in fluoride release among the three groups (P=0.0925).
Table 2: Fluoride release from the three products after 7 days of toothbrushing
Groups

Mean ± SD (ppm)

Range (ppm)

Opal SealT (n=10)

0.0395 ± 0.0045

0.0300 - 0.0489

Pro SealT (n=10)

0.0316 ± 0.0046

0.0220 - 0.0411

TransbondT (n=5)

0.0218 ± 0.0064

0.0085 - 0.0351

ANCOVA indicated no significant differences among the groups(P =0.09)

24hours after gel application. The mean fluoride release from the Opal Seal discs after
24hrs of gel application was 1.0035 ± 0.0418 ppm (Table 3). The application of topical fluoride
gel resulted in a significant increase in the amount of fluoride released from the Opal Seal disc,
24hrs after application when compared to the Pro Seal and Transbond discs (0.0634 ± 0.0407
ppm and 0.0705 ± 0.0586 ppm, respectively; P<0.001). However, fluoride release from the Opal
Seal discs 6 weeks after the single gel application was 0.0442 ± 0.0185 ppm (Table 4). The
values for the Pro Seal and Transbond discs were also negligible (0.0186 ± 0.0131 ppm and
0.0159 ± 0.0142 ppm, respectively). At this time point, there were no significant differences in
the fluoride ion release among the three groups (Table 4, Fig.2).
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Table 3: Fluoride release from the three products 24 hours after gel application
Groups

Mean ± SD (ppm)

Range (ppm)

Opal SealG(n=10)

1.0035 ±0.0418

0.9166 - 1.0905*

Pro SealG (n=10)

0.0634 ±0.0407

0 -0.1479

TransbondG(n=5)

0.0705 ±0.0586

0 - 0.1923

*Statistically significant difference (P < 0.001)

Table 4: Fluoride release from the three products 6 weeks after gel application
Product

Mean

Range

Opal SealG (n=10)

0.0442 ±0.0185

0.0057 – 0.0828

Pro SealG (n=10)

0.0186 ±0.0131

0 -0.0460

TransbondG (n=5)

0.0159 ±0.0142

0 - 0.0455

ANCOVA indicated no significant differences among the three groups (P = 0.66)

Figure 2: Comparison of fluoride release from the three products 24 hours and 6 weeks
after gel application

1.20
1.00

*

0.80
ppm 0.60
0.40
0.20
0.00
OpalSeal
1 day

ProSeal
6 weeks

*Statistically significant atP < 0.001

Transbond
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To determine the recharging effect of the individual products over the course of this
study, the amount of fluoride release at each of the four time points (baseline, 7 days after
toothbrushing, 24hrs and 6wks after gel application), was compared using a repeated-measures
ANOVA. The results demonstrated that there was no significant change within the Pro Seal
group (P = 0.355) or within the Transbond group (P = 0.4695) at any time point, indicating no
recharging effect for these two products. However, within the Opal Seal group, there was a
significant increase in fluoride ion release at 24hrs after gel application (Fig 2). This indicates a
significant recharging capability shortly after the application of an APF gel. Conversely, these
recharged fluoride ions decreased to significantly to lower levels at the end of 6 weeks.
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Discussion
Demineralization around orthodontic appliances in the form of white spot lesions has
been commonly reported in patients with inadequate oral hygiene.1 WSLs develop due to
prolonged bacterial plaque accumulation, leading to dissolution of calcium and phosphate ions
from enamel. The incidence of WSLs in orthodontic patients has been reported in a range of 5084%, and these lesions can occur in as little as 4 weeks after placement of fixed orthodontic
appliances.1-3 WSLs create a serious esthetic concern for both the patient and the practitioner and
the development of new materials for the prevention of demineralization is a major area of
research in orthodontics.
The clinical issue is getting patients to follow caries prevention protocol. Opal Seal is
marketed as a fluoride releasing orthodontic primer with the ability to uptake exogenous fluoride
ions that are available in saliva into its structure, without relying on patient compliance.
Therefore, because of its ability to serve as a continuous source of fluoride ions in patients with
poor oral hygiene, this product is considered to have great potential in reducing the formation of
white spot lesions.
The findings of this study showed that Opal Seal discs have the ability to be recharged
with fluoride introduced from a gel solution of acidulated phosphate fluoride but not
significantly from toothpaste. The statistically significant difference in fluoride release was seen
24hrs after exposure to the APF gel, with Opal Seal being significantly higher than Pro Seal and
Transbond. However, this increase was no longer observed when fluoride ion release was
measured 6 weeks after the APF gel exposure. Therefore, a repeated application of topical
fluorides is recommended to ensure the rechargeability of fluoride releasing orthodontic primers,
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such as Opal Seal. Under these circumstances, if frequent application is necessary, the clinician
needs to consider whether adding a regular fluoride regimen is cost effective.
Comparison of fluoride release rate between the three products
In this study, there were no statistically significant differences in fluoride release
measured between the Pro Seal and Transbond discs at 7 days after toothbrushing, or 24 hours
and 6 weeks after the gel application time points. On the other hand, Opal Seal showed a
significant increase in fluoride release 24hrs after gel application when compared to the other
two products. According to Ultradent, Opal Seal releases and recharges fluoride.33 The ability of
Opal Seal to recharge fluoride has been shown in an in-house laboratory study where discs with
an initial fluoride release concentration of 1.20 ppm were recharged up to a fluoride
concentration level of 7.79 ppm when exposed to 1.23% APF gel.33 The fluoride recharging
property of Pro Seal, a sealant similar to Opal Seal, was previously investigated after fluoride gel
application.31 In that study, Pro Seal exhibited fluoride uptake ability from a foaming solution of
APF gel but not from toothpaste. In the present study, only Opal Seal discs were found to be
recharged after the gel application.

The application of APF gel and toothbrushing with

toothpaste did not show any significant increase in the amount of fluoride ions released from the
Pro Seal discs.
The observation that Transbond showed measurable levels of fluoride release was
somewhat surprising as this product does not have fluoride ions in its composition and therefore
is not expected to exhibit fluoride reuptake ability. Ahn et al34also reported that Transbond
exhibited detectable levels of fluoride ion release after topical fluoride application indicating
some recharging effect. Our findings showed that the Transbond discs released minimal levels
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of fluoride ion, with the highest amount of 0.07 ppm 24hrs after APF gel application. However,
this increase did not indicate a significant change from the average baseline reading of 0.02 ppm.
In this study, Opal Seal discs showed a significant increase in the fluoride ion release
after 24hrs APF gel application but the levels continued to decrease over 6 weeks. This finding
is consistent with that of the Ultradent study which showed a rapid decrease in fluoride release
from over 1 ppm to less than 0.2 ppm within one week after gel application.33 Therefore,
repeated application of APF gel, possibly every 2 weeks, may be necessary in order for the Opal
Seal primer to be effective in minimizing or preventing the formation of WSLs in high caries risk
patients.
Previous studies have reported that the amount of fluoride needed to initiate
remineralization is lower than that needed to inhibit demineralization. According to these
studies,35,36 a fluoride concentration of 0.15 ppm in saliva is needed for the remineralizing effect.
However, in order to have a preventive effect, at least 1 ppm of fluoride concentration needs to
be continuously present in saliva.35 In the present study, Opal Seal samples exhibited adequate
fluoride ion release levels (1 ppm) for the prevention of mineral loss at 24hrs after exposure to
1.23% APF gel. However, the amount of fluoride ion released was below the preventive levels
(0.0442 ppm) after 6 weeks of gel application. On the other hand, the highest amount of fluoride
release from the Pro Seal discs was observed following 7 days of toothbrushing (0.06 ppm)
which is also below the levels needed to prevent demineralization.
In the literature, it has been shown that the application of resin sealants to the enamel
surfaces around orthodontic brackets could reduce demineralization.26,28 The benefit of a sealant
application on the buccal surfaces of teeth after acid etching is the protective layer that it creates
on the etched enamel that provides protection against demineralization around brackets.26 Buren
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et al30 reported that the use of Pro Seal resulted in a 97% reduction in enamel lesion depth in their
study. In this study, Pro Seal did not significantly uptake fluoride ions, but that does not
repudiate the clinical advantage of acting like a barrier to prevent white spot lesions around
orthodontic brackets.
Opal Seal demonstrated decreasing levels of fluoride release over time characterized by
an initial spike. This is a familiar pattern seen in fluoride containing dental agents. Basdra et
al19 examined fluoride ion release behavior of bonding agents and found that the highest amount
of fluoride was released within the first 24hrs of placement as a burst of fluoride. The fluoride
release then dramatically declined in a few days, leading to stable low levels after 2 weeks,
followed by no detectable fluoride after 90 days. A previous clinical study reported a significant
decrease in the number of WSLs in orthodontic patients up to 90 days.37 However, after 90 days
this preventive effect was no longer seen between teeth treated with Opal Seal primer and those
treated with Transbond (control teeth). Therefore, the findings of that investigation are in
agreement with our study suggesting that Opal Seal exhibits some efficacy in preventing
demineralization up to 90 days through recharging of fluoride ions but this effect is likely
diminished with time. It is therefore plausible to recommend repeated application of either Opal
Seal primer or APF gel treatment every three months to minimize demineralization.
It must be emphasized that removal of plaque with standard oral hygiene measures is the
most effective method for the prevention of demineralization during orthodontic treatment. A
study by Marinho et al38 confirmed that the use of fluoride-containing toothpastes is as effective
as the use of fluoride mouthwashes and varnishes in caries prevention. However, due to lack of
patient cooperation,the use of other fluoride delivery systems and materials is usually needed to
minimize the incidence and severity of WSLs. If Opal Seal could provide a continuous flow of
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fluoride ions into the saliva, it would be effective for use in non-compliant high caries risk
patients.
One of the weaknesses of this research was that the discs were visually examined for
surface porosities and it is possible that micropores and cracks were not detected with the naked
eye. Even though the samples with major irregularities were excluded from the study, the
presence of micropores or cracks, if any, may have allowed for surface retention of exogenous
fluoride within the material after APF gel application or toothbrushing with toothpaste. Fluoride
ions retained within the cracks or micropores therefore may have been released into the DI water.
One other weakness of this study was that a single measurement was carried out for each sample
at each time point. However, it would have been more ideal to have at least 3 measurements for
each sample for each time point to ensure repeatability and reliability.
Currently there are no other studies that have investigated the effectiveness of the
fluoride recharging property of Opal Seal. While the current in vitro study provides useful
information, future randomized controlled trials are needed to determine the amount of fluoride
release from the primer into saliva and the clinical effectiveness of Opal Seal in preventing
WSLs.
The focus of this study was to evaluate the fluoride recharging characteristic of fluoride
releasing orthodontic materials. It would be of special interest to investigate the effectiveness of
these products clinically in reducing the formation or severity of white spot lesions. In addition,
future studies investigating the effect of multiple APF gel applications over time, on the
prevention of white spot lesions, are needed. There are still unanswered questions from this
study: 1) Would the low levels of fluoride release have a clinical effect on decreasing WSL
formation around orthodontic appliances? and, 2) Would a more consistent application of
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fluoride gel, approximately every twoweeks, make a clinical difference in the prevention of
WSLs and is it worth the practitioner’s extra time and expense?

20
Conclusions
1)The fluoride-containing and recharging primer, Opal Seal, did not significantly uptake fluoride
ions except 24hrs after APF gel exposure. The highest mean fluoride release, 1.0 ppm, was from
the Opal Seal discs 24hrs after gel exposure.
2) The fluoride-containing sealant, Pro Seal, and the control primer, Transbond, did not
significantly increase their fluoride ion release after any of the fluoride application methods used
to recharge these materials.
3) There was no statistically significant difference in fluoride ion release between Pro Seal and
Transbond at any of the four time points; Baseline, 7 day Toothpaste, 24 hour gel and 6 week
gel. Opal Seal only showed a significant increase in fluoride release 24hrs after gel application
when compared to the other two sealants.
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